Plume-induced lithospheric uplift and erosion are widely regarded as key features of large igneous province (LIP) emplacement, as is the coincidence of LIP eruption with major extinction and oceanic anoxic events (OAE). The Emeishan LIP, which erupted during the Capitanian (previously termed 'end Guadalupian') extinction event, has provided the most widely discussed example of axisymmetric doming above a rising mantle 'plume'; advocates have argued that in excess of 500 m of uplift occurred Here we present data from newly-discovered sections from the centre of the putative uplifted area (around Lake Er Hai, SW Yunnan Province,) that provide a more complete history of the Emeishan volcanism. These reveal that platform carbonate deposition was terminated by rapid subsidence, followed quickly by the onset of volcanism: Importantly, these eruptions also coincide with widespread losses amongst fusulinacean foraminifera and calcareous algae. Emeishan volcanism, LIP emplacement cannot be ubiquitously associated with regional pre-eruption uplift, particularly where complex lithospheric structure exists above a plume.
al. 2009) and carbon isotope perturbations . Understanding the nature of any uplift events and the resultant volcanic styles will permit evaluation of the environmental impact of the province, and its role in the extinction.
Initial uplift estimates indicated > 1 km of elevation over an area greater than 400 km radius (He et al. 2006 ) although the uplift figure has recently been reduced to < 500 m (He et al. 2010) . Recent investigations of the basal part of the lava pile (e.g., Ukstins Peate & Bryan 2008; Wignall et al. 2009a; Sun et al. 2010 ) reveal that Emeishan volcanism was initially characterised by a phreatomagmatic phase indicating eruptions at, or below, sea level and not, as argued by He et al. (2010) , upon uplands elevated to c.500 m. However, because these phreatomagmatic deposits were described from sections around the periphery of the 'inner zone' of uplift as envisaged by He et al. (2006 He et al. ( , 2010 , the possibility of preeruption uplift remains .
Pangea formed in the Late Carboniferous (c. 320 million years ago) but South China only became part of the supercontinent in the Late Triassic (see Fig. 1a ). In the Late Permian, South China was a separate continent with passive margins toward North China and Annamia (Indochina), and an active eastern margin facing the Panthalassa Ocean. Palaeomagnetic data position South China confidently in equatorial latitudes in the Late Permian (Fig. 1b) and, accordingly, the Emeishan LIP (ELIP) erupted in tropical humid conditions as evidenced by widespread contemporaneous coalmeasures (Wang et al. 2011; Boucot et al. 2013 ) and shallow marine carbonates. Both types of structurally complex, attenuated lithosphere would have promoted surfaceward advection and emplacement of magma from the plume feeding the ELIP (e.g., Sobolev et al., 2011) .
Here we present new data from sections within this "inner zone" of the ELIP that reveal accelerated subsidence immediately prior to, and during, the eruption of the main volcanic succession. These indicate that crustal response to plume impingement during ELIP emplacement was complex, producing a collage of uplifted blocks and basinal areas, with extensive marine environments existing well within the volcanic succession. These conditions were more analogous to the volcano-tectonic development of the Palaeogene North Atlantic margin, which developed mixed subaerial and submarine environments (e.g. Jerram et a., 2009; Jones et al., 2012) , than an homogeneous regional doming resulting from a simple LIP-uplift evolutionary model.
History of emplacement of the Emeishan LIP
The ELIP erupted c. 260 Myrs ago (Zi et al., 2010) , and is temporally linked with a Capitanian (Middle Permian) extinction event (Wignall et al 2009; Bond et al. 2010) . The "inner zone" is centred in northwest Panzhihua City, Sichuan Province (Fig. 2) . The newly-discovered outcrops studied here are exposed along the eastern margins of Lake Er Hai, approximately 100 km to the south-west of Dali city.
Regional dip is to the north. The contact between Emeishan volcanics and underlying Maokou Formation limestones is seen at Wa Se village in our southern-most section, and is repeated by faulting at Shuang Lang town. Due to faulting, the total thickness of the lava pile is difficult to estimate generalised section through the sequence is presented in Figure 3 along with some key geological features, which are elaborated on below.
Upper Maokou Formation
Shuang Lang (25˚ 54.612'N 100˚ 11.679'E). A thick section (>100m) of bioclastic packstones with a diverse fauna including fusulinaceans (Neoschwagerina) is cross-cut by several dykes (e.g. figure 3f ) Impressively, the overlying lava flow infills this topography and irregular masses of lava occur as "cave fills" up to 8 m below the top contact (figure 5).
Discussion
Our field observations demonstrate that the exposed stratigraphy in the central part of the Emeishan is predominantly of marine origin. This marine palaeoenvironment existed temporally well beyond the onset of flood volcanism in the region, and highlights a complex story of the evolution of the ELIP with implication for both uplift and for the associated biological crisis discussed below.
(i) Implications for uplift
The Lake Er Hai sections reveal that much of the volcanic activity near the centre of the province began in submarine environments, and followed a deepening event in the latest phase of the Maokou Formation. The volcanic facies distributed along the Lake Er Hai section are depicted in Figure 6 . In this regard, the region is geologically similar to those developed toward the periphery where platform collapse and deepening is also observed to have preceded eruption (e.g. Wignall et al. 2009; Sun et al. 2010) . It also supports the recent observations of thick hydrovolcanic units within other newly reported 'inner zone' sections, in the Dali area (Zhu et al., 2014) . The transition from pillow basalt volcanism through to predominantly hyaloclastites (described as palagonite-rimmed lapilli-tuffs by Zhu et al. volcanism, (e.g., Saunders et al., 2007; Greene et al., 2008; Jones et al., 2010) . This is especially the case in regions of heterogeneous lithosphere because plume -lithosphere interactions are conditioned not only by the dynamics of the rising plume head (Sleep 1997) , but also by the interaction of the plume with rheology and structure of the overlying lithosphere, and the far-field stresses affecting that lithosphere (e.g. Burov and Guillou-Frottier, 2005) . In effect, plume-generated surface uplift can become significantly modified resulting in affected regions experiencing crustal dilation and/or contraction (Burov and Gerya, 2014) . In such cases, pulses of uplift and subsidence of several hundred metres can produce a series of narrow basins (Burov et al., 2007 (Burov et al., , 2014 , with this system of highs and lows evolving into an intra-basin topography with 10s -100s km wavelengths and attendant patterns of erosion and deposition. The complex tectonic environment at the time of the Emeishan flood basalts, similarly seems to have resulted in a complex surface response to mantle plume impact, and a significant amount of the volcanic material erupted into the sea. This pattern of lithospheric response in ELIP is consistent with that predicted in recent models (Burov et al., 2014) , and thus provides an important link between predictive theory and observation.
groups such as fusulinacean foraminifera, calcareous algae and alatoconchid bivalves (e.g. Isozaki & Aljinovic 2009; Wignall et al. 2009 ) which supports a cooling-driven crisis; though recent studies in the Arctic have discovered an equally severe marine extinction in Boreal latitudes (Bond et al. 2015) , coincident with an elevation of mercury concentrations implying an elevation of global volcanism (Grasby et al. in press) . Therefore the effects of volcanogenic ocean anoxia and acidification may also be applicable to the Capitanian crisis (Bond et al. 2015) . Further, greenhouse gas emissions are also possible sinceGanino and Arndt (2009) argue that thermogenic carbon dioxide release due to magma emplacement through carbon-rich sedimentary succession significantlyamplified primary volcanogenic greenhouse gas releases of the Emeishan Province: Arguably such a scenario (is supported by our observations of major feeder dykes with exceptionally wide contact metamorphic aureoles at Shuang Lang. However, evaluating the varying temperature trends during the Capitanian crisis/Emeishan volcanism remains polemical, and awaits detailed study.
Conclusions
The model for the evolution of the Emeishan LIP in the Lake Er Hai region, based on detailed observations of the lithologies and their key relationships is as follows (see figure 4 ):
1) The Maokou Formation records a persistent period of shallow-water platform carbonate deposition terminated by a brief emergence (eustatic regression?) and subsequent rapid deepening. 6) Models looking at the causes of the Capitanian extinction event need to take into account that unlike many predominantly subaerial flood basalt provinces, a significant component of the Emishan erupted in a marine setting. 7) Clearly, the volcano-tectonic evolution of the Emeishan LIP is complex, and better understood as a plume-lithosphere interaction that was controlled not only by the thermal dynamic of the plume head, but also by the heterogeneous nature of the Late Permian extended lithosphere of the South China (Fig 1) .
8) Advection and emplacement of the ELIP magma and lava resulted in various eruption styles.
These would have exerted profound effects upon local and regional environments; especially vulnerable would have been reef-dominated marine fauna since extensive hyaloclastite development into restricted, fault-bounded basins would certainly have led to local anoxia.
Further, the near-equatorial position of the the ELIP volcanism provided a geographical postion (Domeier & Torsvik 2014) . Pangea formed in the Late Carboniferous but early breakup is witnessed already in the Early Permian by opening of the Neotethys. Cimmerian terranes leaving Pangea included parts of Iran, Turkey, Afghanistan, Tibet, Burma, Thailand and Malaysia (Sibumasu). Since Pangea formed, plumes that sourced the majority of Large Igneous Provinces and kimberlites have been derived from the edges of two stable and antipodal thermochemical reservoirs at the core-mantle boundary beneath Africa and the Pacific (Torsvik et al. , 2010 Burke et al. 2008) . South China cannot be related to Pangea by plate circuits but using (assuming) this remarkable surface to deep Earth correlation we can position South China in longitude in a such a way that ELIP erupted directly above the Pacific plume generation zone (thick red line). Latitude is derived from palaeomagnetic data and net true polar wander at 260 Ma is zero ). (b) Detailed 260 Ma reconstruction of South China, Annamia (Indo-China), North China (including Sulinheev) and Amuria (Central Mongolia, Hutag Uul-Songliao, Hinggan-Nuhetdavaa and Khanka-Jiamusu Bureya). The reconstruction with detailed plate boundaries follows Domeier & Torsvik (2014) and draped with Guadalupian (272-260 Ma) and Lopingian (260-252 Ma) coal/swamp and evaporate occurrences (Boucot et al. 2013) . Indicated areas of Late Permian land, shallow and deep shelf modified from Cocks & Torsvik (2013) but both facies patterns and plate boundary configurations are rather dynamic in the Late Permian.
